Results
The birthweight distribution shifted to the left and the residual distribution of small preterm babies increased from 1.9% to 3.4%. Only marital status and preterm delivery would have decreased the difference in birthweight over time, explaining for each of them around 30 g of the 122 g. Increasing levels of attendance at antenatal care over time might have decreased the birthweight difference by 40 g. Maternal age and SGA explained little of the decreasing trend. Reductions in maternal smoking would have increased mean birthweight slightly. In stratified analysis the downward trend was more marked among mothers with high education (Ϫ202 g) and those delivered by caesarean section (Ϫ194 g). After adjusting for all those significant variables mean birthweight was still 74 g (95% CI: Ϫ97, Ϫ50 g) lower in 1994 than in 1978/1979.
Conclusion
The trend could be explained in part by factors related to marital status that might reflect dysfunctional families in the Brazilian context and the preterm increase that might be associated with advances in medical technology. The high attendance at antenatal clinics or factors associated with it might have prevented a further decrease in birthweight. Our results may be compatible with the high economic development of Ribeirão Preto within Brazil, together with factors associated with its unfavourable lifestyle.
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Birthweight, caesarean section, trends, preterm birth, marital status highest in this country, about US$ 8200 a year in 1996. The main economic activities are the sugar cane industry, trading, services, and financing. Its population was 461 427 inhabitants in 1994, increasing by 45% over the period covered by this analysis. 15, 16 At least 98% of births have occurred in hospitals since 1978. 15 The two surveys were carried out in all these maternity hospitals in 1978/1979 and 1994 . The 1978/1979 survey was carried out between June 1978 and May 1979 (6750 births). The 1994 survey included infants born from May to August (2846 births). Thirty-nine babies in 1978/1979 and eight in 1994 were excluded because information on birthweight was missing. This analysis was restricted to singleton live births from families residing in the municipality to avoid potential confounding due to multiple gestations. The mothers were interviewed soon after delivery using a standardized questionnaire after their consent to participate was obtained. Trained personnel weighed the naked newborns immediately after delivery using weekly-calibrated scales with 10 g precision. Nonresponse due both to early hospital discharge and refusal to participate was 3.5% and 4.2% in the first and second survey respectively. The methodology was the same in both surveys and details have been published elsewhere. 15, 16 The variables included in this analysis were: birthweight (continuous), maternal schooling in years (0-4, 5-8, 9-11, у12), newborn gender, maternal age (Ͻ18, 18 and 19, 20-34, and у 35 years), marital status (married, cohabiting, noncohabiting), parity, including the current one (1, 2-4, у5), number of prenatal care visits (0, 1-3, 4-6, у7), type of delivery (vaginal or caesarean), gestational age at delivery considering non-preterm (Ͼ36 weeks), moderately preterm birth (33-36 weeks) and very preterm birth (Ͻ33 weeks), maternal smoking (non-smokers, 1-10, 11-20 and у20 cigarettes/day) and type of hospital (public teaching hospitals, private hospitals attending predominantly public insurance, and private hospitals attending predominantly private insurance). In some analyses maternal schooling was considered low (0-8 years), high (у9 years) and a missing category was included for most variables in the analysis. Gestational age was estimated according to the last normal menstrual period. A small number of newborns were excluded because their birthweight was above the 99th percentile for their gestational age, 32 cases in 1978/79 and 21 in 1994, according to British nomograms. 17 In some of the analysis we included, as an independent variable, small for gestational age (SGA) as babies below the 10th percentile according to published reference values. 18 The Wilcox-Russell method was used to estimate the predominant normal birthweight distribution and to estimate the residual percentage of small preterm babies in both years. 19 The residual percentage provides an indication of the excess of preterm births in the distribution of birthweights. The predominant birthweight gives the mean birthweight and distribution excluding the excess residual percentage of small preterm births.
Changes in birthweight were evaluated with respect to biological, social, demographic, and health service factors. In a combined model including both years, coefficients were adjusted by multiple regression for all variables under analysis. The combined model included a variable for year of the survey (coded 0 for 1978/1979 and 1 for 1994) and interactions between year of survey and the variables that might be able to explain changes in mean birthweight were tested.
We also assessed, in a combined model including both years, changes in the coefficient of year of the survey effect by adding successively variables significantly associated with the outcome variable. The analysis is shown with the factors grouped according to their effect on the birthweight difference between surveys into factors that did not change the coefficient, factors that could have increased it, and those that could have decreased it in the fully adjusted model. Due to significant interactions with year of survey on their measurement effects on birthweight change, mode of delivery and maternal schooling were not included in this analysis but were stratified. As the distribution of birthweight was moderately left-skewed, we repeated the analysis using a square transformation.
Results
Mean birthweight was lower in 1994 (3113 g) than in 1978/1979 (3235 g) (P Ͻ 0.001) and the entire birthweight distribution shifted to the left. Using Wilcox and Russell's method, mean birthweight of the predominant Gaussian distribution decreased from 3293 g in 1978/1979 to 3185 g in 1994. There was also an increase in the residual percentage of small preterm babies from 1.9% to 3.4% (Figure 1 ).
Birthweight fell steeply in offsprings of multiparous, older, more highly educated, married women and heavy smokers in comparison to their counterparts in the unadjusted analysis. Mothers who underwent caesarean section, had their delivery in private hospitals, were predominantly privately insured, did not have an SGA baby, or had delivered a term or very preterm infant had a greater fall in mean birthweight of their newborns (Table 1) .
In a combined model including the two surveys, newborn gender, parity, maternal age, marital status, maternal smoking, prenatal care, and type of hospital were all significantly associated with birthweight difference over time (Table 2) . Two significant interactions were observed in the model, year of survey and maternal schooling (P = 0.002), and year of survey and mode of delivery (P Ͻ 0.001) on birthweight difference.
In sequential models, where a period effect was tested, mean birthweight was 122 g (95% CI: Ϫ146, Ϫ98 g) lower in 1994 than in 1978/1979. Parity, gender, and type of hospital did not change mean birthweight over time. Antenatal care increased the birthweight difference by 40 g, but maternal smoking only slightly increased the mean birthweight difference. Maternal age and SGA slightly decreased the difference. Marital status had the greatest effect in reducing the mean birthweight difference from 122 g to 91 g (25.4%), similar to the preterm effect from 122 g to 94 g (23%). After adjusting for all the variables in the model mean birthweight difference was reduced to Ϫ74 g (95% CI: Ϫ97, Ϫ50 g), but when preterm and SGA status were excluded the final mean birthweight difference was Ϫ126 g (95% CI: Ϫ154, Ϫ98 g) ( Table 3 ). Thus most of the birthweight difference was not explained by the variables in the model.
We conducted the same analysis but stratified by mode of delivery and maternal schooling separately because of the interactions described above. The unadjusted decrease in mean birthweight was steeper among caesarean (Ϫ194 g) than among vaginal deliveries (Ϫ101 g). It was also greater among highly (Ϫ202 g) than less educated mothers (Ϫ122 g). After adjusting for all factors, excluding preterm and SGA status, the decrease in birthweight differences were negligible, except for vaginal delivery. After adjusting also for preterm and SGA status birthweight differences decreased more markedly in all strata ( Table 4 ). The main reason for a decrease was due to the preterm factor. After adjusting for year of survey, preterm birth, among vaginal deliveries the difference decreased from 101 g to 84 g (18.8%) and among caesarean sections from 194 g to 142 g (26.8%) (not shown). Marital status reduced the differences in birthweight from 101 g to 58 g (42.6%) among those delivered vaginally and from 194 g to 175 g (9.8%) among those delivered by caesarean section (not shown).
A square transformation almost completely normalized the birthweight distribution. The results using the square transformation were similar to those shown in the paper.
Discussion
In this study we have demonstrated a marked decrease in birthweight over a 15-year period. There was an increase in preterm birth rate and this factor explained 23% of the decrease in birthweight over the 15 years. Marital status also explained part of the decrease in birthweight. The decrease was greater among newborns delivered by caesarean section and mothers with more education. Changes in socio-demographic factors, lifestyle, medical organization, and health provision characteristics over the period explained little of the birthweight decrease.
The main strengths of our study are that the same methodology was used in the 1978/1979 and 1994 surveys, the participation rate was almost complete, and all maternity hospitals in Ribeirão Preto participated in the study. In our study, duration of gestation was based on last menstrual period in both surveys. It is possible that inadvertently in a few cases interviewers may have used ultrasound technology to estimate duration of gestation. This is a common problem in most secular trend studies; its effect would have been, at most, marginal in our study as the main outcome was birthweight. We have missing information for some variables, especially gestational age, that may have decreased the precision of some estimates.
The downward mean birthweight trend was unexpected as parents in the 1994 birth cohort had a higher proportion of occupations that attract higher income, more years of schooling, and more had private health insurance in comparison to those in the 1978/1979 cohort. In the 1994 birth cohort there were more women in gainful employment than in 1978/1979. The most surprising aspect of the downward trend in mean birthweight was the sheer magnitude of the preterm rate increase, from 7.6% to 13.6%. 20 Low birthweight rate increased from 7.2% to 10.6% 16 and SGA birth rate, from 11.1% to 12.8%. In spite of these worrying trends, the infant mortality rate dropped from 36 per 1000 to 17 per 1000 over the 15 years. 21 Although the majority of the reports indicate that mean birthweight has increased, 2-8,22 a fall in mean birthweight has been reported in the Czech Republic, Samoa, and USA. 12, 23, 24 Preterm birth rates are increasing in many settings. 14, [24] [25] [26] [27] As there is a great diversity in the economic development of the countries in which a downward trend of mean birthweight or preterm rates have been reported, we suspect that economic background alone would not provide a full explanation for the increasing low birthweight and preterm rates.
Most individual factors in the main analysis explained only between 0 and 16 g of the 122 g mean birthweight difference between the 1978/1979 and the 1994 surveys. Marital status, antenatal care, and preterm trait were the only three factors explaining a greater percentage of the difference in mean birthweight. The decreasing trend in the mean birthweight was partially attributable to a rise in the preterm birth rate. 21 Several reports have shown that increasing obstetric interventions may explain the rising preterm births and/or low birthweight rates. 14, 22, [27] [28] [29] [30] [31] Even a mild decrease in the length of pregnancy is associated with increased neonatal morbidity 32 Table. Two significant interactions between year and maternal schooling (P ϭ 0.002) and year and mode of delivery (P Ͻ0.001) have not been included. and infant mortality. 33 The decrease in the difference in birthweight after adjustment for preterm level was similarly important in the total analysis and the stratified analysis. There was very little evidence that the preterm factor in respect to birthweight difference was more important in those delivered by caesarean section than in the rest.
Marital status was a strong factor in explaining a lower mean birthweight. A possible explanation for this finding is that cohabiting and one-parent families may represent, in Brazil, a more dysfunctional family and proportionally these two groups have greatly increased over the period. Another possibility is that it represents a poorer social group and this mechanism may explain its relevance in terms of birthweight difference. This interpretation of our results is less satisfactory because the decrease in mean birthweight was more marked in mothers with higher education.
In this study the increase in antenatal visits over time helped to prevent a more marked decrease in birthweight over the study period. The number of appropriate unplanned antenatal visits is unclear in the literature. There are those who believe that prenatal care may prevent preterm births. 34 However, a Cochrane systematic review concluded that the pattern of routine antenatal care might not be associated to any adverse outcome at delivery. 35 There were two significant interactions in our analysis, maternal education and year of survey on mean birthweight difference, and mode of delivery and year of survey on mean birthweight difference. In these two interactions the differences were greater in those who were delivered by caesarean section and those with greater education. Differing declining trends in mean birthweight between high and low schooling mothers may reflect inequitable diffusion of medical technology in Ribeirão Preto. 21 Highly educated women are more likely to have access to medical care and have increasing medical interventions. They are also more likely to use infertility treatments. 29, 36 It is probable that the greater decrease in birthweight over the period, experienced by those with higher education and caesarean delivery, may indicate that higher standard of living and easy access to medical services may have contributed to the decrease in birthweight. Caesarean section in Brazil is infrequently related to medical need and is mainly carried out for the convenience of the patient or the obstetrician. 37 Even after accounting for all the studied factors approximately 50% of the birthweight difference was not explained. If we eliminate the preterm variable most of the birthweight differences were unexplained. Thus we have to speculate as to possible factors not included in our analysis for this decrease. A possible candidate in the search for an explanation is that a decrease in stillbirth rates associated with increasing obstetric interventions may have resulted in higher survival. 29, 31 The stillbirth rate, defined as any fetus delivered from the 28 weeks of gestation that does not show any sign of life, in Ribeirão Preto 39 Illicit drug use was more frequent among wealthier teenagers 40 who are less likely to become pregnant. We suspect that there has been an increase in substance abuse, but we do not have objective measures for assessing this trend.
Multiple births were excluded from our analysis and in vitro fertilizations were too few in the period (6) to have any impact on our results. Increasing use of ovulation inducing drugs 41, 42 could also further explain part of the decrease in mean birthweight but data are unavailable.
An issue to consider is whether the results in Ribeirão Preto are relevant to Brazil. In Pelotas, the southernmost part of Brazil, a mean birthweight decrease of 33 g over a period of 11 years was shown. 43, 44 In São Paulo there was no evidence of change in mean birthweight between 1993 and 1998. 36 Differing timing and patterns of diffusion of new perinatal technologies may explain differences in birthweight trends across geographical areas in the country. The results in Ribeirão Preto are important because this part of the country is the wealthiest and may have initiated a trend that will be replicated elsewhere.
We could not explore factors such as induction of labour caused by fetal distress, maternal stress, or urogenital infection. With the exception of induced labour these factors are more common in socially disadvantaged groups and could not have explained the steeper decrease in mean birthweight in the better educated mothers.
In conclusion we have only partially explained the reasons for the downward trend in birthweight. Marital status, antenatal care, and preterm delivery were the only factors having an impact in reducing the birthweight decrease. The effect of marital status may represent an unfavourable environment for the fetal growth. The preterm increase might be reflecting advances in medical technology rather than changes in socioeconomic or biological factors. 22, 26 This may be compatible with the high economic development of Ribeirão Preto within Brazil.
